that the kidney contains renin, angiotcnsinogen, and angiotensin I-converting enzyme (2, 10, 11). F ur th ermore, conversion of angiotensin I to angiotensin II in the kidney appears to take place in both the renal vascular compartment (5, 16) and the renal interstitial space (2, 6). The angiotensin II in the renal interstitium, as estimated from that in the renal hilar lymph, appears to be formed de novo (2). The concentration of angiotensin II in renal lymph is higher than that in systemic plasma and increases following hemorrhage and reduction in renal perfusion pressure (2).
Since the concentration of angiotensin II in renal lymph increases following a reduction in renal perfusion pressure and in association with autoregulation of renal hemodynamics, it seems unlikely that the pressor peptide plays a direct role in the mediation of the autoregulatory processes (1). Several investigators have suggested that in addition to its effect on renal hemodynamics, angiotensin II may directly modify other functions of the kidney including both proximal and distal tubular sodium reabsorption (12, 13) .
The activity of the renin-angiotensin system has usually been studied by either infusing the peptide into the kidney (12) or determining changes in plasma renin activity or renin secretion (15, 18) . Thurau (19) has suggested that the rate of renin secretion into the systemic circulation may not reflect true intrarenal secretion of renin. However, data relating renal lymph angiotensin II concentration to renal hemodynamics suggest that the renin is secreted into the svstemic circulation and into the renal interstitial space in a parallel manner (1) .
Although several investigators have measured renin activity in renal lymph (9-l 1, 18), no systematic study has been undertaken to determine how changes in plasma renin activity and renal lymph renin activity are correlated.
In addition, the renin activity in renal lymph has not been related to changes in renal function.
The present studies were undertaken to further define the intrarenal action of the renin-angiotensin system. The results demonstrate that renin is secreted in parallel into both the renal interstitial space and the systemic circulation.
Hemodynamic one or two control samples of blood .' lymph, and urine, the animals were given an intravenous infusion of isotonic saline (approximately 30 ml/kg) over 20 min to expand extracellular fluid volume and suppress renin secretion. The infusion rate was then reduced to 5 ml/min above urine output, and after urine flow had stabilized, two more samples each of blood, lymph, and urine were collected. The animals were then given furosen-ride ville, upplied by Hoechs t Pharmaceuticals, Inc., Somer-. J.) intravenously and an intravenou s infusion (1 mg/kg per hr) was started. In 10 animals, urinary losses were maintained by continued infusion of isotonic saline at 5 ml/min above urine flow rate. In five animals, the saline infusion was stopped following the injection of the diuretic. After urine flow had stabilized, two or three more samples were obtained.
Collection periods for blood, lymph, and urine ranged from 15 to 30 min in all experiments, and arterial and renal venous samples were continuously drawn into chilled plastic tubes containing disodium ethylenediaminetetraacetic acid (EDTA) as previously described (15). Arterial and renal venous plasma and urine samples were analyzed for inulin using the diphenylamine method of Walser, Davidson, and Orloff (2 1). The concentration of angiotensin I in plasma and lymph was measured by radioimmunoassay as described by Haber et al. (7) using a renin activity radioimmunoassay kit (Schwarzlhlann). Sodium in plasma and urine was estimated by internal standard flame photometry (Eppendorf flame photometer). The hematocrit was determined on arterial blood by the micro method.
Renal blood flow (RBF) and mean systemic blood pressure were obtained from a direct-writing oscillograph recording (Offner Dynograph). Glomerular filtration rate (GFR) was estimated from the clearance of inulin in the usual manner. Fractional sodium excretion was calculated as the clearance of sodium divided by the clearance of inulin. Renin activity in plasma and renal hilar lymph was estimated from the amount of angiotensin I formed by incubation for 1 hr at 37 C. Renin activity was expressed as nanograms of angiotensin I formed per milliliter of lymph or plasma (rig/ml).
The amount of angiotensinogen was estimated in plasma and lymph by incubating an aliquot with homologous renin prepared as described by Helmer and Judson (8). It was determined that the reaction went to completion in 300 min and this situation was documented on each sample by determining the amount of angiotensin I formed at both 270 and 300 min. Angiotensinogen was expressed as nanograms of angiotensin I formed per milliliter of sample in 300 min (rig/ml). In samples incubated to determine renin activity and angiotensinogen concentration, the activity of both angiotensin I-converting enzyme and angiotensinase was inhibited by the addition of BAL and 8-hydroxyquinoline (7). The amount of angiotensin I in unincubated samples (endogenous angiotensin I) was measured directly by radioirnmunoassay.
RESULTS
Angiotensinogen. Figure  1 demonstrates the relationship between the concentration of angiotensin ogen (renin substrate) in systemic arterial plasma and renal hilar lymph in 9 animals. While there was considerable variation between animals, there was a high correlation between the concentration of angiotensinogen in plasma and renal lyrnph ( Y = 0.83). The mean concentration of angiotensinogen in plasma was higher than that in lymph in three animals and was equal to that in the lymph in the remaining six. This finding is important since the renin activity in lymph was usually greater than that in p lasm a.
Renin activity in plasma and lymph. Since the response to furosemide administration in volume-expanded animals in both groups was similar, the data have been combined in Figs. 2 and 3. With the exception of one animal, plasnra renin activity fell following volume expansion, while furosemide caused a rise in plasma renin activity (Fig. 2) . Increases in renin activity in both plasma and lymph took place within 15 min of the injection of furosemide.
In both groups of animals, volume expansion was maintained as indicated by the low hematocrit (Tables  1 and 2 ). Continued fluid losses in the animals not receiving replacement of urinary losses resulted in volume contraction and further increases in renin activity.
Volume expansion also suppressed renin activity in renal hilar lymph (Fig. 3) . Th e administration of furosemide resulted in large increases in lymph renin activity. Furthermore, the renin activity in lymph was greater than that in plasma in the majority of periods in which values were high (Fig. 4) renin activities tended to approach each other. Endogenous angiotensin I concentration was also found to be greater in the renal lymph than in the arterial plasma (Fig. 5) .
While the rate of lymph flow was not measured in these experiments, observations of the volumes of lymph collected indicated that both volume expansion and furosemide administration produced increases in lymph flow rate. Renal hemodynamics. Figures 6 and 7 show effects of volume expansion and furosemide on RBF, mean systemic blood pressure, GFR, and the renin-angiotensin system. In the BP = mean blood pressure. GFR = glomerular filtration rate. RBF = renal blood flow. RR = renal resistance. Hct = hematocrit. "Na = fractional sodium excretion. PRU = peripheral resistance units. animal in which urinary losses were replaced, saline volume expansion resulted in a rise in RBF (Fig. 6 ) while no change was seen in the other animal (Fig. 7) . GFR rose in both experiments during volume expansion.
In renal lymph, endogenous angiotensin I concentration and renin activity fell as did plasma renin activity. Following furosemide, RBF increased and GFR fell. Renin activity in plasma and lymph rose as previously described. Experiment 203 (Fig. 6 ) was the only animal in which lymph renin activity was clearly less than plasma renin activity in the control periods. Tables 1 and 2 summarize the hemodynamic data on the remaining animals. In addition to the fall in plasma and lymph renin activity, volume expansion resulted in an increase in GFR in all animals except one (experiment 218). Changes in renal resistance were more variable.
In some animals, blood pressure rose (experiments 201, 202, 207, and 218) and with the exception of experiment 207, resistance rose. In other animals, the pressure changes were small during volume expansion and renal resistance was relatively constant. These variable changes in resistance took place in the face of a fall in renin activity in plasma and lymph in all animals.
Following furosemide, renal resistance fell in all animals in which fluid losses had been replaced (Table 1 and Fig. 6 ). The changes were more variable in those animals not receiving additional fluid replacement ( Volume expansion with isotonic saline suppressed both plasma and lymph renin activity while furosepressed both plasma and lymph renin activity while furosernide administration resulted in a parallel increase (Figs. 2 rnide administration resulted in a parallel increase (Figs. 2  and 3 ). Renin has been previously reported to be present in and 3). Renin has been previously reported to be present in renal lymph (9-l 1) renal lymph (9-l 1) and Lever and Peart (11) suggested that and Lever and Peart (11) suggested that the secretion of renin into lymph may be related to activity the secretion of renin into lymph may be related to activity of the renin-angiotensin system within the kidney. of the renin-angiotensin system within the kidney. Thurau (19) increases in lymph renin concentration following furosemide administralymph renin concentration following furosemide administration to rats, but the concentration of renin in lymph was tion to rats, but the concentration of renin in lymph was less than that in aortic or renal venous plasma. The differless than that in aortic or renal venous plasma. The differences between the present data and those of Horkey et al. ences between the present data and those of Horkey et al. (10) may be explained by the fact that they were unable to (10) may be explained by the fact that they were unable to obtain pure renal lymph in rats. The higher concentrations obtain pure renal lymph in rats. The 
